The mid-1980s witnessed breaks in two important trends related to race and schooling. School segregation, which had been declining, began a period of relative stasis. Black-white test score gaps, which had also been declining, also stagnated. The notion that these two phenomena may be related is also supported by basic cross-sectional evidence. We review existing literature on the relationship between neighborhoodand school-level segregation and the test score gap. Several recent studies point to a statistically significant causal relationship between school segregation and the test score gap, though in many cases the magnitude of the relationship is small in economic terms. Experimental studies, as well as methodologically convincing non-experimental studies, suggest that there is little if any causal role for neighborhood segregation operating through a mechanism other than school segregation.
I. Introduction
Disparities in educational outcomes between African-Americans and whites declined steadily for most of the 20 th century, but this progress has halted or even reversed in recent years (Neal, 2005) .
Understanding why the black-white test score gap narrowed over time, and why this progress stalled during the 1990s, is crucial for designing policies capable of further reducing inequality in schooling outcomes in the United States. Given the widely documented association between educational outcomes and earnings, health and crime, successful efforts to further reduce the black-white gap in schooling would undoubtedly have far-reaching consequences for society as a whole.
This essay considers the role of school and neighborhood segregation in explaining trends in the black-white schooling gap. Key to the Supreme Court's transformational decision 50 years ago in Brown v. Board of Education is the assumption that racial segregation within the public schools contributes to black-white inequality in schooling outcomes for children. Attending a disproportionately minority school might affect the motivation of students and their perceptions of the larger opportunity structure that they face in society, as well as potentially affecting their exposure to high-quality school resources or even the academic climate in the school.
It is possible that the race of one's schoolmates might simply be a stand-in for their academic achievement level, which could affect the way or rate at which teachers present material or the productivity of student study groups, or as a stand-in for their socio-economic status (SES). In fact the influential report by James Coleman in 1966 argued that a school's SES composition was at least as important in explaining inequality in student achievement as is school racial composition (Coleman et al., 1966) . Understanding the distinct influences of school racial versus social class composition is relevant because some policies focused on reducing school racial segregation may not have very large impacts on school socio-economic composition, and vice versa.
Measures of school segregation by either race or social class could matter primarily because they are proxies for the racial or class composition of the local neighborhood. Since most children attend public schools that draw students from the local area, in national data there will be a great deal of cross-sectional correlation between school and neighborhood measures of race or SES segregation. The neighborhood social environment could matter above and beyond the composition of the local public school by shaping the youth social norms that help shape children's behavior, particularly since so much socializing occurs outside of school, as well as exposure to local role models (Wilson, 1987) .
Understanding the distinct influences of school versus neighborhood environments is important for policy because policies like public or private school choice have the potential to change school but not neighborhood social compositions for children, while some housing mobility interventions might generate larger changes in neighborhood than school characteristics (see for example Sanbonmatsu et al., 2006) .
Figure 1 presents a basic conceptual framework outlining the potential causal mechanisms linking segregation to test score gaps. Neighborhood segregation could affect these outcomes directly or through its influence on school segregation. Direct links between neighborhood and test scores might be brought about through neighborhood-level deviant peer influence, role model effects, or impacts on parental income derived from spatial mismatch-type effects. Direct links between school segregation and test scores could be mediated by differences in school input quality, or by peer influence operating at the school or classroom level.
Thinking carefully about the particular mechanism through which social environment affects children is also important for understanding patterns in black-white student outcomes because different measures of segregation have been following different trajectories in recent years. Neighborhood racial and economic segregation actually declined during the 1990s, although these national trends mask important differences by region and so do not necessarily imply that neighborhood segregation is not relevant for understanding the slowdown in narrowing of the black-white test score gap (Glaeser and Vigdor, 2003; Jargowsky, 2003) .
Controversy exists regarding whether school segregation has increased or decreased over this same time period. Increases reported in some studies (e.g. Clotfelter 2004, Orfield and Eaton 1996) confound the increasing diversity of the student body in American public schools with increases in the separation of blacks from students of other races (Logan, 2004) . Using measures more commonly accepted in the sociological and economic literature on segregation, there have been very slight decreases in the degree of segregation over the past two decades. Regardless of measure, it is clear that school segregation has declined more slowly than neighborhood segregation over the same time period. The failure of school segregation to track neighborhood segregation reflects a broad decline in governmental efforts to integrate public schools (Orfield and Eaton 1996, Clotfelter, Ladd and Vigdor 2005 ).
In our judgment there is stronger evidence to support effects on student achievement from school versus neighborhood segregation. The current evidence implicating school race segregation is stronger than the available research on the effects of school segregation by social class, although the specific mechanisms through which racial composition affects student outcomes remain poorly understood.
The best available evidence suggests that a 10% increase in the share of a school's student body that is black would reduce achievement test scores for black students by between .025 and around .08 standard deviations, and reduce test scores for whites by perhaps one-quarter to two-fifths as much. Thus, if school segregation had displayed a decrease in the 1990s commensurate with the observed decrease in neighborhood segregation, our best estimate is that the black-white test score gap would be roughly 0.01 to 0.02 standard deviations narrower.
II. Basic Facts
A complex set of factors determines the degree of interracial exposure witnessed by students of a given race, or the degree of economic diversity experienced by individuals of a given socioeconomic status. Residential segregation has a direct impact on the characteristics of a student's neighbors, and indirectly influences classmate and schoolmate characteristics by affecting the cost to a school district of achieving racial balance across campuses. Beyond this residential component, the structure of local government in a local area, particularly whether school districts serve large or small geographic areas, and a number of other policies implemented by districts themselves can influence classroom racial composition. The past decade has witnessed a general decline in residential segregation, coupled with decreased integration effort on the part of districts. On net, these two effects led to a modest increase in interracial contact among the nation's black students. In 1987, the average black public school student attended a campus that was 51.5% black. By 2003, this number had declined to 48.3%. The exposure of non-Hispanic white students to black students remained nearly constant over the same time period, thus much of the change in the racial composition of the typical black student's school can be attributed to increasing Asian and Hispanic enrollments.
Black-nonblack residential segregation in the United States peaked around 1970 and has been declining ever since (Cutler, Glaeser and Vigdor, 1999; Glaeser and Vigdor, 2003) . Figure 2 illustrates the time series pattern of residential segregation over the 20 th century, using perhaps the most common measure of segregation, the dissimilarity index, which is defined as follows:
(1)
where i indexes all the neighborhoods within a metropolitan area, or all the schools within a district, black i represents the black population in a neighborhood or enrollment in a school, black total represents the overall black population of the metropolitan area or black enrollment in the district, and non-black i and non-black total represent analogous counts for individuals who are not black. The dissimilarity index can be interpreted as the fraction of black individuals who would have to be moved between neighborhoods or schools in order to attain a perfectly even balance across the metropolitan area or district. 1 In 1970, the average black resided in a metropolitan area where nearly four-fifths of the group would have to switch neighborhoods to achieve evenness. By 2000, that fraction had declined to just over three-fifths. In the 1990s alone, the average black witnessed a decline in neighborhood percent black from 56% to 51% (Glaeser and Vigdor 2003) . This trend was accompanied by a modest increase in the percent black in the neighborhood occupied by the average white.
The decline in residential segregation since 1970 has generally been attributed to the enactment and enforcement of fair housing laws in the 1960s, along with other measures that reduced the severity of
1
The dissimilarity index has been criticized along a number of dimensions. It is preferred here primarily for its ease of computation and of interpretation. For a more complete discussion of segregation measures and their relative advantages, see Massey and Denton (1988) and Echenique and Fryer (2005) . discrimination in the housing and mortgage markets. For the most part, the decline in segregation was accomplished by the entry of modest numbers of black families into new suburban developments or into existing neighborhoods that had been entirely white (Cutler, Glaeser and Vigdor 1999) . Declines in segregation have been steepest in growing metropolitan areas, where new developments make up a larger proportion of the housing stock. The vast majority of neighborhoods that were predominantly black as of 1970 remain predominantly minority; in many areas these neighborhoods have depopulated substantially over the past thirty years.
Declines in racial residential segregation since 1970 are particularly noteworthy because they have occurred both in periods of increasing and decreasing economic inequality. While the coexistence of decreasing segregation and increasing inequality may seem paradoxical at first, it is important to note that the racial segregation that existed prior to the Civil Rights movement was pervasive along all levels of socioeconomic status. As of 1970, black high school dropouts and blacks with at least some postsecondary education experienced nearly identical dissimilarity levels (Cutler, Glaeser and Vigdor 1999 , Table 2 ). Reductions in segregation after this time period were most rapid for the most educated group of blacks -consistent with the notion that black suburbanization explains most of the decline in segregation. Less-educated blacks, who presumably have been harmed the most by broad increases in inequality, witnessed more modest declines in segregation after 1970.
The decline in residential segregation has been accompanied, for a good part of the same time period, by an increase in similar measures of socioeconomic segregation. Segregation by household income increased between 1970 and 1990 , and fell slightly between 1990 (Jargowsky, 1996 Jargowsky 2003; Watson 2006) . Trends in economic segregation thus track changes in the income distribution much more closely than trends in racial segregation.
The literature on school segregation has developed quite independently from the literature on residential segregation. One consequence of this disconnect is a general tendency for studies of school segregation to use measures and indices that are relatively uncommon elsewhere in the literature. While there have been reports of increased school segregation since the late 1980s or early 1990s, much of the reported increases are unique to a single segregation measure, the fraction of black students attending majority nonwhite schools (Clotfelter, 2004) . Owing to the nation's increased racial diversity, students of all races now find themselves attending schools with a high fraction of non-black nonwhites (Logan 2004, Clotfelter, Ladd and Vigdor 2005) . Other measures of segregation show little or no time trend over this period. There is at least some evidence that the retreat from court-ordered busing in the 1990s led to segregation levels being higher than they otherwise would have been, which can possibly explain why school segregation remained effectively constant even while residential segregation was declining.
Which is the "right" method of measuring segregation? While there have been some attempts to ground segregation indices in economic or other social scientific models of behavior (see, for example, Echenique and Fryer 2005) , there is surprisingly little guidance in the existing research literature regarding the relative merits of different measures. The dissimilarity index is clearly a better measure for evaluating the degree of effort a district undertakes to achieve integration in its schools and classrooms; it measures the proportion of the black (or non-black) members of the student body that would need to be moved to achieve perfect evenness. The dissimilarity index can be criticized, however, because it does not map directly into implications for the composition of classrooms and schools occupied by typical students of any race. For a school district that is experiencing no trend in racial enrollment patterns, increases in dissimilarity imply that percent black in the average black student's school is increasing relative to the average white's school. Such implications cannot be drawn when comparing across districts or over time in a district undergoing demographic change.
At first glance, a measure of peer percent nonwhite, such as those commonly used in the school segregation literature, might seem to be the best measure to use in an analysis of the impact of segregation on racial test score disparities. A brief example casts doubt on this supposition. Suppose district A is 75% black, and all schools within it are 75% black. Dissimilarity equals zero, while measures of peer percent nonwhite will be high. District B is 5% black, but all the blacks are concentrated in one school where they form 25% of the student body. The dissimilarity index will be much higher in B, while the peer percent nonwhite measure will be lower. In which district would we expect wider black-white disparities in test scores? The potential for disparities is clearly higher in district B, since it is in that district that students of different races systematically attend different schools.
As will be seen below, the majority of empirical studies of the effects of racial composition on student achievement look for evidence that the impact of peer racial composition on individual test scores is different for blacks and whites. If increases in peer percent black are detrimental for black students, but inconsequential for white students, then the aggregate achievement-maximizing distribution of students would involve integration rather than segregation. The traditional measure of percent nonwhite is inadequate for using results such as these to infer the impact of segregation on black-white gaps, because it incorporates no mechanism for contrasting the experience of white students. Making such an inference requires the incorporation of information on the average experience of white students. The dissimilarity index captures exactly such a contrast in experiences by race.
Another caution regarding the use of a peer percent nonwhite measure is that much of the timeseries variation in peer percent nonwhite has been driven by increases in the share of non-black nonwhites in the population. Cross-sectional studies of the impact of peer composition on achievement, by contrast, are driven largely by variation in percent black. To accurately judge whether increases in peer percent nonwhite might account for stalled progress in the black-white test score gap, it would be necessary to identify differential impacts of peer percent Asian and Hispanic on test scores for black and white students.
In summary, the dissimilarity index is most useful for analyzing variation in the effort required to achieve perfect integration in school districts or states, and for assessing the potential for racial disparities in school-level conditions within a school district. Peer percent nonwhite measures provide a better idea of the classroom composition actually faced by typical students in a district or state. Table 1 Figure 2 . There are several striking patterns evident in the data on school segregation. First, dissimilarity levels are generally much lower at the school level than they are at the neighborhood level, which reflects the fact that many districts take at least some action to counteract neighborhood segregation in the manner they assign students to schools.
2 Second, there has been virtually no change in the segregation level experienced by the average black student over the 16-year time period covered here. The stability of this mean masks some quite dramatic changes in the patterns evident in individual school districts over time. Among the nation's largest school districts, there are several examples of districts exhibiting double-digit increases in dissimilarity over this period. While we lack comprehensive data on official district busing policies, it is clear that segregation increases witnessed in some of these districts, such as Charlotte-Mecklenburg, directly reflect the decisions of Federal courts.
The relatively low dissimilarity indices within districts do not necessarily imply that schools are integrated by any objective standard. In many parts of the country, a high degree of school segregation results from between-district differences in racial composition. Northeastern and Midwestern states. This can be explained by the relatively high degrees of residential segregation in those states, coupled with the general tendency for school districts to serve single municipalities, rather than larger areas. While these dissimilarity levels are high, there is also some evidence that they have been decreasing over time in most states, consistent with the general decline in residential segregation witnessed during the same time period.
In the Appendix, we provide analogous tables documenting the degree of dissimilarity experienced by students eligible for the Federal free lunch program. These data reveal trends quite 2 Direct comparison between segregation levels at the school and neighborhood level should be undertaken with caution, as segregation indices tend to rise as the size of the neighborhood or other unit of observation decreases. In this comparison, neighborhoods are proxied by census tracts, which have an average of 4,000 residents each, implying roughly 800 school-age children per tract. The average school in the CCD data serves about 500 children. Thus, the direct comparison between neighborhood and school segregation likely understates the impact of school district efforts on segregation levels. similar to racial segregation in schools: within-district dissimilarity shows little overall trend between 1987 and 2003 even though some districts post large increases. Across-district dissimilarity shows evidence of a decline in many states.
Could the relative stability of school segregation in the 1990s, which contrasts with periods of rapid integration in preceding decades, explain the stalled progress in closing the black-white test score gap in the same period? On the face of it, the two time series mesh together well. Cross-sectional evidence is also consistent with a causal link between school segregation and the black-white test score gap, as is evident in Figure 3 , which plots the state-level black-white gap in 4 th grade NAEP mathematics test scores against state-level across-district dissimilarity for 2003. There is an unmistakable positive association between the two variables; the plotted least-squares regression line indicates that the predicted black-white test score gap is nearly 50% larger in states with the highest levels of across-district dissimilarity as in states with the lowest levels.
Of course, it is inappropriate to assign a causal interpretation to a simple correlation such as the one shown here. Segregation levels are the outcome of a large number of choices, made by households in their residential location decisions and by public school officials. These decisions are quite likely correlated with a number of underlying variables which could easily exert their own influence on test scores. The following sections discuss the proposed causal mechanisms linking segregation levels to educational outcomes, and the most reliable attempts to disentangle such causal channels from other processes.
III. Effects of Neighborhoods
Whether or how neighborhood context affects the long-term life chances of poor families independently of school context remains somewhat unclear. The best evidence currently available suggests that moving into a neighborhood that is relatively less segregated by race or social class has at most very modest effects on children's test scores or other schooling outcomes, at least through the first 5 years or so following the neighborhood change. These findings, together with the fact that on average neighborhood class and race segregation declined somewhat during the 1990s, lead us to conclude that changes in neighborhood conditions are unlikely to have contributed much to the halt in narrowing of the black-white test score gap.
Decades of research throughout the social sciences have documented substantial variation across neighborhoods in adult or child outcomes, even after conditioning on observable individual or family attributes (Sampson et al., 2002; Kawachi and Berkman, 2003; Leventhal and Brooks-Gunn, 2000; Ellen and Turner, 2003; see Vigdor 2006a for a review of numerous recent non-experimental studies of neighborhoods and youth outcomes). A number of causal pathways have been proposed to explain these correlational patterns, including "spatial mismatch" effects whereby adults suffer from residing in a neighborhood with few job opportunities, peer contagion operating at the neighborhood level, and the importance of local role models on the goal orientation of youth. Neighborhoods have also been hypothesized to matter because they partially determine school characteristics; we examine these proposed pathways more exclusively in the next section. Yet these studies, by and large, fail to provide convincing evidence in favor of any of these pathways, because they cannot separate the effects of neighborhoods per se from those of unmeasured individual attributes associated with residential selection.
The most compelling evidence for "neighborhood effects" on youth outcomes has come from quasi-experimental studies that exploit neighborhood changes induced by housing programs. One of the best known of these quasi-experiments is Chicago's Gautreaux residential mobility program (Rubinowitz and Rosenbaum, 2001) , which resulted from a 1976 Supreme Court decree finding that the Chicago Housing Authority and HUD had engaged in "systematic and illegal segregation." Follow-up interviews with Gautreaux families suggested improved outcomes for those who moved to the suburbs rather than other parts of Chicago, particularly for youth. For example only 5% of suburban movers dropped out of high school compared to 20% of city movers, with an impressively large suburban advantage in college attendance as well (54% versus 21%) (Rubinowitz and Rosenbaum, 2001, p. 163) . In principle these findings are relevant for present purposes because suburban communities are relatively more affluent and with a higher proportion of white families. However, more recent studies of Gautreaux show smaller impacts (Mendenhall, Duncan and Deluca, 2004; Keels, Rosenbaum and Duncan, 2004) . Moreover
Gautreaux has important limitations: The degree to which the program breaks the link between family preferences and mobility outcomes is unclear, since convincing documentation of the voucher-offer and acceptance process remains difficult to reconstruct. In addition, Gautreaux studies cannot compare outcomes for program movers versus non-movers or non-participants.
Motivated by the encouraging findings from Gautreaux, the U.S. Department of Housing and Urban development (HUD) launched the Moving to Opportunity (MTO) randomized housing-mobility intervention to identify the causal effects of residential mobility interventions on families. MTO has been in operation since 1994 in 5 cities (Baltimore, Boston, Chicago, Los Angeles and New York). Eligibility for the voluntary MTO program was limited to low-income families with children living in public housing or Section 8 project-based housing located within designated high-poverty census tracts in these cities, with poverty rates of 40% or more. Families were recruited through fliers, tenant associations and other means. Almost all of the 4,600 households that signed up were headed by a female, nearly twothirds of whom were African-American and most of the rest were Hispanic. Three-quarters of household heads were on welfare at baseline, and fewer than half had graduated from high school. While we do not know the immigration status of MTO participants, most speak English.
By random lottery, some families were assigned to a Section 8 group that was offered unrestricted Section 8 subsidies (vouchers) 3 that they could use to move to a new private-market apartment of their choice. Other families were assigned to an Experimental group that was offered housing search assistance and Section 8 subsidies that could only be used to relocate to a low-poverty Census tract (with a 1990 poverty rate below 10 percent). After one year in a low-poverty tract, Experimental families could use their subsidies to move elsewhere. Families in both groups were given four to six months (depending on the site) to submit a request for approval of an eligible apartment they would like to lease, and the 3
The Section 8 program provides housing assistance through rental certificates or vouchers. Income eligibility is usually set to 50 percent of local median income, with subsidies equal to the difference between 30% of tenant income and an area-wide threshold established by HUD. Since MTO started the voucher program has been renamed the Housing Choice Voucher (HCV) program, although we will use the terminology in effect at the start of MTO. apartment then had to pass a quality inspection. Families could continue to receive rental subsidies so long as they remained income eligible. A third Control group received no special assistance from MTO but remained eligible for public or project-based housing and other social programs.
Of those households assigned to the Experimental group 47 percent used a MTO voucher to relocate to a low-poverty Census tract, while 62 percent of those assigned to the Section 8 group relocated through MTO. The fact that the "compliance rate" is higher for the Section 8 group is presumably due in large part to the fact that the vouchers available to them through MTO were not geographically restricted.
In both treatment groups, compared to non-compliers the compliers tend to be younger, relatively more dissatisfied with their baseline neighborhoods, and have fewer children. (For details see Shroder, 2002 and Shroder, 2005) .
The explicit goal of MTO was to help move families into less economically distressed communities, and as shown in Table 3 , by this measure MTO was successful. One year after random assignment families in the two MTO treatment groups live in Census tracts with average poverty rates 11-13 percentage points (25-30%) below those of the Control group. The gap declines somewhat over time in part because of subsequent mobility among all groups. But even 6 years out the treatment-control differences in tract poverty equal 7-8 percentage points (20% of the control mean), while the differences in cumulative exposure to neighborhood poverty (duration weighted averages) are 9-10 percentage points (20-25%). The MTO Experimental treatment in particular also increases households' exposure to affluent (college-educated) neighbors, which Duncan et al. (1994) suggest have distinct effects from exposure to poor neighbors. But unlike with Gautreaux, MTO generates surprisingly modest changes in neighborhood racial integration. Evidence also suggests that the treatment-control differences in the characteristics of public schools attended were also very modest. Thus, evidence of treatment-control differences in youth outcomes from a study such as MTO would point more clearly to causal pathways that did not involve school characteristics.
While the post-randomization mobility of Control families somewhat reduces over time MTO's "treatment dose" on neighborhood characteristics, these patterns may also make the demonstration results somewhat more policy relevant: The counterfactual neighborhood conditions for families in the MTO Experimental and Section 8 groups is no longer restricted to just the highest-poverty census tracts in which a relatively small set of public housing families reside.
Short-term findings for MTO (2-3 years after assignment) are generally consistent with the predictions of previous research suggesting that moving to a less distressed community will on net improve adult and child outcomes (Katz, Kling and Liebman, 2001; Ludwig, Duncan and Hirschfield, 2001 , Ludwig, Ladd and Duncan, 2001 , Leventhal and Brooks-Gunn, 2004 ).
However the interim MTO evaluation conducted 4-7 years after random assignment finds a pattern of results that is more complicated than less segregated neighborhoods, better youth outcomes. Kling, Ludwig and Katz (2005) , and Kling, Liebman and Katz (2006) . These data yield no evidence for statistically significant differences across MTO-assigned groups in reading or math achievement scores measured using the Woodcock-Johnson-Revised tests. While a growing body of research in developmental psychology, neuroscience and economics suggest that children may be more sensitive to environmental changes early in life (Shonkoff and Phillips, 2000 , Carniero and Heckman, 2003 , Knudsen et al., 2006 , Sanbonmatsu et al. (forthcoming) find no evidence that treatment-control differences in test scores vary by age at random assignment, at least within the range of ages found among those MTO children who were administered tests. Those MTO participants who were very young children at baseline were not tested as part of the interim study, and so it remains possible that MTO effects on their achievement may be more pronounced.
There is a hint in the MTO data that female youth assigned to the experimental group may be somewhat more likely to graduate from high school than those assigned to the control group, although the point estimate is not statistically significant and the estimated experimental-treatment effect on graduation for male youth is negative (and also not statistically significant). More generally the interim MTO evaluation finds that treatment-group assignment improves a variety of behavioral outcomes for female youth but on balance has detrimental effects on behavior for male youth. One way to reconcile the MTO and Gautreaux findings is that the latter engendered more neighborhood racial segregation than the former, and so perhaps it is the racial rather than social class composition of a community that matters for youth schooling outcomes. In fact one recent study suggests that exposure to more affluent neighbors may actually have deleterious effects on happiness (Luttmer, 2005) , which raises the possibility that any beneficial effects from MTO moves on behavior due to reductions in neighborhood racial segregation could be masked in the overall program impact estimates by offsetting deleterious effects from reductions in class segregation.
This possibility can be tested by exploiting variation across MTO sites in treatment effects on mobility outcomes to use site-treatment group interactions as instruments for specific neighborhood characteristics (see Kling, Liebman and Katz, 2007) . Ludwig and Kling (2007) find that census tract minority composition is a stronger predictor of youth violent criminal behavior than is either the tract poverty rate or local-area crime rate. However in unpublished results they find no evidence for an association between tract minority composition and children's achievement test scores.
While MTO represents in our view perhaps the best evidence available to date about neighborhood effects on youth outcomes, it is important to keep in mind that the MTO program population consists of those very low-income minority families living in some of the nation's worst housing projects who volunteered to participate in this mobility demonstration. In principle neighborhood effects may be different on other populations. But there is a plausible case to be made that the MTO families are those who expect to benefit the most from moving, which might suggest that MTO estimates represent an upper bound for the effects of neighborhood change on other, similarly disadvantaged families. 4 An alternative concern about the MTO findings is that the demonstration examines the effects of neighborhood change, and so in principle might confound the effects of mobility with those of neighborhood composition per se. One argument against this concern comes from Liebman, Katz and 4 In addition Page, Solon and Duncan (2000) find relatively modest correlations in outcomes for youth living in the same primary sampling unit within the Panel Study of Income Dynamics (PSID). Kling (2004) , who exploit variation across MTO demonstration sites in treatment effects on neighborhood poverty rates and find evidence of a "treatment dose-response" relationship between changes in tract poverty and MTO participant outcomes.
Another data point against the "moving hypothesis" comes from Kling, Ludwig and Katz (2005) , who examine longitudinal arrest histories for MTO youth and find that in the short run assignment to the experimental rather than control group reduces male arrests for violent crime, and leads to a detrimental experimental effect on property crime arrests only starting around three or four years after random assignment. This temporal pattern in MTO impacts runs contrary to what we would expect if the disruption of moving is driving behavioral problems among experimental group males. More generally, given that the U.S. population became only modestly less poor during the 1990s and experienced an increase in the share minority, national declines in neighborhood racial and class segregation must be driven more by re-sorting of families across neighborhoods than by changes in the characteristics of persistent residents of a given neighborhood. In this case any consequences of social churning and the difficulties of developing new social ties among neighborhood residents that is at play in the MTO data would seem to be relevant for understanding the consequences for the black-white gap from changes in neighborhood segregation in the U.S. as a whole.
Perhaps the most important qualification to the MTO findings is that the interim evaluation measures outcomes 4-7 years after random assignment, and in principle the effects of neighborhood changes on children could increase over time as they become more socially integrated into their new communities, or as children's exposure to more developmentally productive "inputs" accumulates. The interim MTO evaluation did find positive effects on some family inputs, particularly parent mental health, that could in principle improve student learning over the long term. However even if there are long-term effects of neighborhood mobility on youth outcomes that cannot be detected by MTO, this sort of lag would seem to rule out a very important role for neighborhood changes in the 1990s to contribute to a halt in narrowing of the black-white test score gap -particularly because these neighborhood changes of the 1990s moved in the opposite direction to what most existing theories in this area predict to improve child outcomes.
Evidence of at most a small role for neighborhood socioeconomic characteristics from the MTO study is corroborated by recent quasi-experimental studies of families randomly assigned to public housing units in Toronto (Oreopoulos, 2003) and families displaced by public housing demolition in Chicago (Jacob, 2004) . Some studies, notably Aaronson's (1998) study of siblings in the Panel Study of Income Dynamics, and Harding's (2003) propensity score-matching model using the same dataset, do report significant associations between neighborhood characteristics and youth outcomes. Cutler and Glaeser (1997) find significant cross-sectional associations between segregation levels and black-white outcome disparities at the metropolitan level, using various instrumental variables for segregation. But each of these methodologies is subject to criticism, and none can exclude the possibility that schools are the main causal pathway between neighborhood characteristics and outcomes (see Vigdor 2006a for further discussion). The next section focuses more exclusively on arguments that racial disparities in school characteristics, made possible by school segregation, influence the magnitude of the black-white test score gap.
IV. Effects of Schools
The methodological equivalent of conducting an MTO-style experiment to assess the importance of school segregation in perpetuating black-white test score gaps would involve randomly assigning students to schools of varying racial composition, for potentially varying periods of time. To our knowledge, no such experiment has taken place at any point in history. Some efforts have been made to exploit variation in the timing of school desegregation orders in the 1960s and 1970s, as well as unitary status declarations in a later time period, to infer the impact of racial composition on outcomes. These studies rest on the assumption that variation in the timing of such court orders is idiosyncratic from the perspective of the individual student. Guryan (2004) finds evidence suggesting that court-ordered school desegregation plans reduce black dropout rates by 2-3 percentage points, with no detectable effect on whites. Lutz (2005) finds qualitatively similar effects when he examines the impacts of termination of many of these desegregation plans during the 1990s. These court-ordered desegregation plans may also reduce violent crime victimizations among both white and black youth (Weiner, Lutz, and Ludwig, 2007) . Vigdor (2006b) To date, these studies of the impact of broad policy changes provide perhaps the most convincing evidence linking school segregation to changes in outcomes. None of these studies, however, considers the potential impact of segregation on test scores. An ideal study would couple comprehensive test score data with information on the timing and extent of school desegregation orders. To our knowledge, no such study has ever been conducted.
Non-experimental studies of the potential impact of segregation on test score gaps follow one of two methodologies. The first examines longitudinal patterns in test score gaps. If trends in the gap in test scores between blacks and whites who attend the same school are identical to the overall trend, it is difficult to argue that differential assignment to schools explains the overall gap. The second method directly relates individual test scores to measures of school or classroom composition. Studies using this second method are often referred to as "peer effects" studies.
Prominent studies of between-and within-school growth in the achievement gap include Fryer and Levitt (2004) and Hanushek and Rivkin (2006) . These studies utilize the same data -the Early Childhood Longitudinal Survey -but come to conflicting conclusions. Fryer and Levitt report that most of the growth in the black-white test score gap between kindergarten and grade 3 occurs within rather than between schools. Hanushek and Rivkin find fault with Fryer and Levitt's decomposition strategy, and report that "virtually all of the grade-to-grade increases in the overall gap occur between schools." (p.10)
Even accepting the finding that black-white gaps grow because blacks disproportionately attend schools where all students fare worse over time, it is not necessarily true that altering attendance patterns would reduce the gap. Students predisposed to poor growth in test scores for reasons unrelated to school quality might tend to congregate in schools serving a predominantly black population. This weakness with the first non-experimental methodology is addressed to some extent with the second method, which generally introduces at least some controls for student background characteristics when attempting to infer the impact of school or classroom composition on achievement.
The greatest weakness in these studies is the inherently imperfect nature of controlling for student background. Many studies go beyond controlling for student characteristics, adding classroom-or school-level covariates in a hierarchical framework. Some go so far as to use classroom-level variation in peer composition and employ school fixed-effects. While this strategy has the advantage of eliminating omitted variable bias associated with non-random sorting into schools, it has the disadvantage of eliminating several potential causal mechanisms linking racial composition to achievement.
Predominantly black schools may find it more difficult to recruit high-quality teachers, for example, but the variation in teacher quality across classrooms within a school is probably smaller and less correlated with race. Classroom racial composition in year t may also be poorly correlated with classroom racial composition in prior years. Studies that employ school fixed-effects are thus ill-suited to test dose response hypotheses.
With these caveats in mind, it is worthwhile surveying studies linking school or classroom composition to achievement. Among studies examining school-level variation, which are subject to concerns regarding nonrandom sorting across schools, the Coleman Report of 1966 is perhaps the best-known. This study found that a school's socioeconomic class composition was among the more important predictors of individual student achievement levels, certainly much more important than school racial composition. Recent studies that use cross-sectional variation in school segregation often generate similar findings -school racial composition seems to be weakly if at all related to student outcomes, while SES of the school's student body may have a stronger association with student achievement (Rivkin, 2000 , Cook and Evans 2000 , Rumberger and Palardy, 2005 ).
Card and Rothstein (2006) document a correlation similar to that in Figure 3 , substituting SAT scores for NAEP test scores. In a contrast with much of the existing literature, the authors go on to attribute much of the apparent relationship to causal mechanisms other than those involving school quality or school segregation. The pattern of reported results would also be consistent with a model where long-term rather than instantaneous measures of segregation matter more for test score outcomes, and long-term school segregation is more highly correlated with neighborhood segregation than with instantaneous measures of school segregation.
Hanushek, Rivkin and Kain (2004) exploit a rich panel dataset of student-level observations from Texas public schools, which allows them to infer the impact of racial composition by comparing variation across cohorts of students who attend the same school. Since their preferred specifications employ school fixed effects in order to address concerns regarding endogenous sorting into schools, the results are subject to the criticism that they exclude some potential causal mechanisms and render inferences regarding nonlinear dose response difficult. With these caveats in mind, the study finds that a 10% reduction in percent black in school would increase test scores for blacks by around .025 standard deviations (from their Table 1 ) and increase test scores for whites by around .01 standard deviations (not statistically significant). These effects are about twice as large for black students at the top of the achievement distribution compared to those at the bottom of the distribution. Importantly, their finding holds even after controlling for either the average achievement level or social class composition of other students in the school. These authors control for a variety of potential confounding factors, including student-specific rates of change in achievement test scores and hard-to-measure factors that vary at the level of the school-by-grade or even attendance zone-by-year. The authors argue that the magnitude of their estimates suggests that equalizing the racial composition of all schools in Texas would reduce achievement gaps in that state by roughly one-quarter. In the end, it is difficult to assess whether the estimates understate or overstate the true impact of segregation on test score gaps.
Hoxby (2000) uses plausibly random variation across cohorts in student demographic composition in Texas and finds that a 10% increase in the share of one's classmates that are black reduces achievement test scores for blacks by around .1 standard deviations in reading and around .06 standard deviations in math. She finds some evidence that the effects of changes in segregation are strongest in schools that are composed of at least one-third black students already. The effect of changes in racial segregation in the school on white students is of the same sign as for black students but only around onequarter as large in magnitude. As with the Hanushek, Kain and Rivkin study, these effects may understate the impact of segregation because they exclude school-level causal mechanisms, or may overstate them if the restriction to cross-cohort variation in peer group composition fails to eliminate all potential sources of omitted variable bias. Vigdor and Nechyba (2007) use administrative data on North Carolina public schools to examine the relationship between peer composition and test scores at both the school and classroom levels. In contrast with the Texas studies, their results fail to show any negative association between peer percent black and the relative performance of black students. Relative to the Texas administrative data, the North Carolina data include more detailed family background information and permit the matching of students to classrooms and teachers in elementary grades. The authors also analyze variation in peer composition associated with the opening of new schools in rapidly growing districts, by examining how achievement scores change for students that have a substantial change in peer group composition (without moving schools themselves). The absence of peer effects could be attributed to differences in methodology, including the focus on elementary rather than middle school grades.
Cooley (2006) uses the same North Carolina administrative data to estimate a structural model of the relationship between peer effort and achievement. She allows the impact of peer effort on individual achievement to vary by race of the individual and the peer. The results are used to forecast the potential impact of integrating two neighboring school districts with varying racial composition, and eliminating within-district segregation in each. In this simulation, the black-white achievement gap is reduced by roughly 3% of a standard deviation.
Overall, the literature on school segregation and the black-white test score gap, while clearly not unanimous in its findings, taken together provides more substantial support than the complementary literature on the impact of neighborhood-level segregation on comparable outcomes. By several estimates, the impact of segregation is modest; extrapolations of even the most supportive studies would imply a black-white gap of sizable magnitude in the absence of any school segregation. There are several unexplored questions within this literature, as well, which seem ripe for further explanation. First, it is plausible that the cumulative effect of spending several years in a segregated environment is greater than the linear extrapolation of short-run effects. Few, if any, studies have examined the impact of past peer racial composition on current outcomes. Second, as discussed in section II above, the most striking change in school racial composition patterns has been the increase in non-black non-white students, and few if any studies have documented whether black students fare particularly poorly in schools with higher shares of Hispanic or Asian students. Finally, the further exploitation of true experiments or quasiexperiments creating exogenous variation in school racial composition also seems like a promising avenue for further research.
How do we reconcile evidence that school racial composition matters for student outcomes with findings from MTO of no detectable impacts on achievement test scores, dropout or other outcomes? As noted above, MTO had relatively modest effects on neighborhood racial segregation, and even more modest impacts on school racial segregation -in part because a fair number of children assigned to the MTO treatment groups remained in their old schools. The result is that the change in proportion school that is minority for MTO participants assigned to the experimental group is about half as large as the experimental treatment effect on proportion census tract that is minority (Sanbonmatsu et al., forthcoming, Table 2 ), or about 3 or 4 percentage points. The results from Hanushek et al. (2004) and Hoxby (2000) suggest the result should be an increase in student achievement test scores on the order of .01 to .03 standard deviations, which would be too small to be detected in the MTO data.
V. Conclusion
Can segregation explain the stalled progress toward closing the black-white test score gap since 1990? If so, is there some reason for hope that progress will resume in the near future? As discussed above, there are a number of reasons to think that segregation influences black-white test score gaps.
Some incorporate school-specific characteristics as a mediating factor, others do not. The most reliable empirical evidence, derived from the MTO demonstration program and other quasi-experimental studies,
indicates that any links between neighborhood and outcomes not mediated by school factors must be small. This conclusion is supported by general evidence on the downward trend in residential segregation, which continued unabated in the 1990s.
The downward trend in residential segregation in the 1990s was not matched by a commensurate downward trend in school segregation. Percent black in the neighborhood occupied by the average black declined five percentage points in the 1990s, while percent black in the public school attended by the average black student declined only three percentage points between 1987 and 2003. The more modest decline in school segregation can be explained largely as the result of declining efforts to integrate public schools. While schools themselves remain more integrated than the communities they serve, school segregation is clearly converging toward the degree of neighborhood segregation.
While the literature on the impact of school segregation suffers from the lack of a school-level analogue to the MTO experiment, a number of studies offer evidence to support some causal component to the basic correlational relationship documented in Figure 3 . Studies have documented relative gains to black students associated with discrete changes in school segregation, both at the regional and local levels. The gaps between black and white students who attend the same school tend to be small relative to the overall gap. Some additional studies exploiting idiosyncratic variation in racial composition apparent in administrative public school data have found a significant link with achievement test scores, in spite of the fact that they frequently employ school fixed effects, which eliminate potentially important causal mechanisms linking racial composition to outcomes.
To be sure, the magnitude of the estimated school racial composition effects coupled with the slight increase in school segregation relative to residential segregation imply that the relationships identified here can explain only a small portion of what occurred in the 1990s. Accepting the largest available point estimate, the additional 2% reduction in percent black experienced by the average black that would have transpired if school segregation exactly tracked residential segregation would have resulted in a narrowing of the black-white test score gap by about 0.02 standard deviations -an effect too small to be detected except in samples of extraordinary size.
It is also clear, however, that these estimates suggest that the future trend of school segregation could have a larger impact on the black-white test score gap. A complete elimination in district efforts to integrate public schools could raise test score gaps significantly in some cases. In other cases, school integration is a moot point at the district level because entire school systems are nearly 100% nonwhite.
Should the long-run trend toward lower levels of residential segregation continue in the 21 st century, however, we might expect to see renewed progress towards closing the gap. Indeed, one reading of the evidence during the 1990s is that school segregation levels eased upwards in response to court rulings, but that future trends will be dominated by the secular trend towards greater neighborhood integration that is now nearing its fifth decade. F e m a l e s M a l e s C M e a n I T T C o n t r o l s I T T Experimental vs Control Group Reading test z-scores [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Age range of analytic sample as of December 31, 2001 is reported in parentheses next to each variable. For more details see Kling, Ludwig and Katz (2005) , Kling, Liebman and Katz (2006) and Sanbonmatsu et al. (2006 
